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[57] ABSTRACT

An electrical contact material which consists of a mix-
ture of silver, 5 to 50 weight per cent of copper and 2
to 20 weight per cent of lanthanum, strontium chro-
mite of formula La, . Sr,CrO;, where the values of x
lie between 0 and 1.0, formed as a hard, chemically
inert, non-metallic phase of high electrical conductiv-
ity both within the bulk of, and at the surface of, the
contact material. Methods of producing the electrical
contact materials utilizing powder metallurgical tech-
niques are outlined.

11 Claims, No Drawings
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ELECTRICAL CONTACT MATERIALS

This is -a division of application Ser. No. 384,161,
filed July 30, 1973 now Pat. No. 3,922,236.

The invention relates to electrical contact materials
for use in electrical contacts and to methods of produc-
ing the electrical contact materials.

Electrical contact materials. which consist of a mix-
ture of silver and copper are known; the copper constit-
uent being used because of its hardness and resistance
to wear in comparison with pure silver. It is also known
that the tarnish resistance and electrical conductivity of
these - silver/copper .alloys decrease with increase in
copper content. i

It is an object of the present invention to provide an
electrical contact material for the fabrication of electri-

cal contacts with prolonged reliable continuity of elec-

trical conductivity - across the interface between its
contact. surface and the metal surface it is contacting
under all environmental conditions.

The invention provides an electrical contact material
which consists of a mixture of silver, 5 to 50 weight per
cent of copper and 2 to 20 weight per cent of lantha-
num, strontium  chromite -of formula La; Sr,CrO,,
where the values of x'lie between 0 and 1.0, formed as
a hard chemically inert, non-metallic phase of high
“electrical conductivity both within the bulk of, and at
the surface of the contact material. .

The invention also provides a method' of producing
an electrical contact material including the steps of
providing irregular silver powder having a powder par-
ticle size of not greater than approximately 350 mesh;
providing irregular copper powder having a powder
particle size of not greater than 350 mesh; providing
lanthanum, strontium chromite powder of formula
La, ;Sr,CrQ,, where the values of x lie between 0 and
1.0, and having a powder particle size of not greater
than approximately 10 microns; mixing the powders
together to provide a fine, evenly dispersed mixture
containing 5 to 50 weight per cent of copper, 2 to 20
weight per cent of La, .Sr,CrO; and the remainder
silver; compacting the powder mixture into a desired
shape; and sintering the compacted shape.

The foregoing and other features according to the
invention will be better understood from the following
description of specific embodiments of the invention.

An electrical contact material according to the in-
vention which is especially adapted for light duty appli-
cations consists of a mixture of silver, 5 to 50 weight
per cent of copper, and 2 to 20 weight per cent of
lanthanum, strontium chromite of formula La,.
291r,CrO, where the values of x lie between 0 and 1.0.
The La,,Sr,CrO; forms as a hard, chemically inert,
nonmetallic phase of high electrical conductivity both
within the bulk of, and at the surface of, the contact
material.

The La, .Sr,CrO; non-metallic phase which is pre-
sent in the contact material as a fine dispersion of dis-
crete particles, the mean particle size not exceeding
approximately 10 microns, possess the following prop-
erties:

a. The phase has a high electrical conductivity i.e. a
specific resistivity within the range 1 to 107chm.cm.

b. The phase is thermodynamically stable with re-
spect to the environment and the matrix metal or alloy.

¢. The phase possesses high thermal stability in order
to withstand thermal treatments likely to occur during
the fabrication of the contact piece part.
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d. The phase is chemically inert.

e. The phase is harder than the tarnish films likely to
form on the matrix metal or alloy; for example, oxide or
sulphide films.

The La, ,Sr;CrO; non-metallic phase, will, therefore,
form as'a hard, chemically inert, nonmetallic phase of
high electrical conductivity both within the bulk of, and
at the surface of, the contact material.

The presence of the highly conductive, non-metallic
phase at the surface of electrical contacts fabricated
from the ‘electrical contact material according to the
invention effectively minimises the increase in contact
resistanice by providing highly conductive paths across
the contacting interface.

Also tarnish films which may form on the electrical
contact material will be disrupted by the harder, chemi-
cally inert, non-metallic phase at the contact surface so
that' electrical contact is maintained; the discrete. is-
lands of high conductive, non-metallic material effec-
tively constitute anisotropic conducting paths through
the otherwise electrically insulating tarnish film formed
on the surrounding material.

In addition, the highly conductive, non-metalllc
phase enhances the tarnish resistance of the basic sil-
ver/copper alloy.

The electrical contact materials according to the
invention can be fabricated by any one of several
known techniques but are best fabricated by powder
metallurgical techniques.

In a method according to the invention for producing
an electrical contact material which consists of silver,
copper and La;.,Sr,CrQs, fine, irrégular silver powder
is intimately mixed with fine, irregular copper powder
and La, ;Sr,CrO; powder to provide a fine, evenly
dispersed mixture containing 5 to 50 weight per cent
copper, 2 to 20 weight per cent of the non-metallic
La; ,Sr,CrO; powder, and the remainder silver.

The size and shape of the powder particles are of
prime importance in the manufacture of optimum
contact materials and all the powders should preferably
be as fine as is economically possible. This in practice
involves the use of irregular silver and copper powders
having a powder particle size of less than approxi-
mately 350 mesh and La, ,Sr,CrO,; powder having a -
powder particle size of less than 10 microns and prefer-
ably less than 2 microns.

The use of fine powder ensures that a fine even dis-
persion of the powders is obtained in the finished
contact material.

A typical commercially available silver powder which
can be utilised is “Thessco” silver powder produced by
Sheffield Smelting Company, a subsidiary of Engelhard
Industries. This silver powder which is a precipitated
powder of commercial purity is of irregular morphol-
ogy, a powder particle size of less than 300 mesh and an
apparent density of 1.9 gms/cc. This material also has
(i) a geometric mean linear intercept by transmission
microscopy of 17.8 microns, standard deviation 2.0
and (ii) a geometric mean linear intercept on a pol-
ished section of 4.1 microns, standard deviation 2.0.

- This commercially available silver powder is sieved
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before being used to remove the powder particles
which are of a size greater than approximately 350
mesh.

The copper constituent should preferably be pro-
vided by clean, fine, dendritic copper powder of the
specified particle size.
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The lanthanum, strontium chromite (La,..Sr,CrO,)
powder can for example, be produced by spray decom-
position of La, Sr and Cr nitrates in stoichiometric
proportions. The oxide mixture resulting from this pro-
cess is then sintered in air for approximately % hour at
a temperature of approximately 1,250°C. The sintered
powder is then milled for 96 hours under acetone in an
agate planetary miller and washed in dilute hydrochlo-
ric acid. This powder is free from impurities such as
strontium chromate and has a submicron powder parti-
cle size.

It is important to note that these materials should be
kept clean and dry in storage in order to prevent mois-
ture absorption and surface oxidation (this is especially
important for the silver and copper powders). The
powder storage could for example be effected by the
use of dessicators.

The intimate mixing of the silver, copper and La,.
251:CrO3 powders can be effected by dry tumble mill-
ing. In order for the dry tumble milling to be effective
for these powders it is important that the following
mixing conditions are adhered to:

a. The constituent powders should have a particle
size as specified in a preceding paragraph.

b. The powders should be dessicator stored, or stored
with some alternative means being employed of pre-
venting absorption of moisture and surface oxidation.

c¢. The volume to be mixed should be from 50 grams
upwards; the actual mixing time being dependent upon
the size of the mix.

d. The copper composition should be in the range 5
to 50 weight per cent and the La,_.Sr.CrO; non-metal-
lic phase composition should be in the range 2 to 20
weight per cent.

e. The volume of the drum should be of the order of
2 to 10 times the volume of the powder being mixed in
order to prevent the movement of the powder being
restricted.

f. The relative humidity inside the drum should be in
the range 0 to 70% and the inside drum temperature
should be in the range 10° to 30°C.

g. The speed of rotation of the drum should be such
that the powders are continually in motion during mix-
ing. Increasing the speed of rotation of the drum will
decrease the time required for good mixing. If the
speed of rotation is excessive, however, then, due to the
influence of centrifugal forces, mixing will be hindered.

h. The duration of powder mixing is generally depen-
dent upon the copper and La,.,.Sr,CrO; non-metallic
phase content of the powder; the larger the copper and
electrically non-metallic phase content the longer the
mixing time.

It should, however, be noted that the most significant
variable in attaining a fine uniform dispersion of the
copper and the La, ,Sr,CrO; powders throughout the
contact material is the absolute and relative sizes of the
constituent powder particles and the optimum mixing
schedule is largely determined by this factor.

Typical mixing conditions for the silver, copper and
La,.,Sr,CrO; powders in mixing volumes in the range
50 to 1000 grams, a copper composition in the range 5
to 50 weight per cent and a La,.,Sr,CrO; non-metallic
phase composition in the range 1.0 to 20 weight per
cent are as follows:

a. The drum volume was of the order of 2 to 10 times
that of the powders being mixed.

—
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b. The mixing was carried out at 20°C (range 17°C to
23°C) with a relative humidity of approximately 60%
(range 45 to 65%).

c. The drum was revolved at 160 r.p.m.

d. Two 5 hour mixing periods were carried out, the
powder mixture being sieved, between the two mixing
stages, through a sieve having apertures of approxi-
mately 53 microns.

These mixing conditions have been found for the
particular powders employed to give a uniformly mixed
composite powder.

The powder mixture is then compacted at a pressure
of approximately 20 tons per square inch using moulds
into the desired shape for the electrical contacts.

The powder compacts are then sintered by being
heated in an atmosphere of 3% hydrogen/97% nitrogen
gas mixture at a temperature of 750°C for a period of
time of approximately one hour.

The processing schedule used results in some of the
La;.;Sr,CrO; non-metallic material being present at
the surface of the electrical contact where it stands
proud of the surface as discrete islands of a hard, chem-
ically inert, non-metallic phase of high electrical con-
ductivity on a silver/copper sea.

The density of the contact material is then increased
by a coining or stamping operation at a pressure of
approximately 50 tons per square inch.

It should be noted that the temperature and pressure
schedule of this method which produces contact com-
pacts having a density of at least 98 per cent of the
theoretical maximum density, represents the optimum
schedule for the powder particle sizes outlined in the
preceding paragraph. It is envisaged that this schedule,
and in particular the compacting and stamping pres-
sures, may be changed if finer powders of different
morphology are utilised.

The presence of the highly conductive, non-metallic
phase in the electrical contacts produced by the
method according to the invention effectively mini-
mises the increase in contact resistance previously re-
ferred to by providing highly conductive paths across
the contacting interface and by inhibiting the tarnishing
ability of the basic silver/copper alloy.

Also, the tarnishing films which, are previously
stated, tend to form on the contact material are dis-
rupted by the harder, chemically inert, non-metallic
phase at the contact surface so that electrical contact is
maintained by conducting phase to silver/copper or
conducting phase to conducting phase contact; the
discrete islands of highly conductive, non-metallic ma-
terial effectively constitute anisotropic conducting
paths through the otherwise electrically insulating
oxide formed on the surrounding silver/copper mate-
rial.

Examples of electrical contact materials produced by
the method outlined in the preceding paragraphs in the
form of domed electrical contacts are given below
together with the associated contact resistance data.
The electrical contacts were degreased in iso-propanol
and subjected to accelerated tarnishing tests conducted
in an atmosphere of moist air containing H,S. The
atmosphere consisted of 1000 ppm of HS in moist air.
The electrical contacts were exposed to this atmo-
sphere for a period of approximately 10 minutes at
room temperature. All the contact resistance measure-
ments were made across the interface between the
domed contact surface and a flat polished silver refer-
ence surface.
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EXAMPLE 1.

Silver - 5 weight per cent copper - 5 weight per cent
Lag 7S1y5CrO;.

This material, when compared with a silver - §
weight per cent copper alloy exhibited a marked reduc-
tion in contact resistance after exposure to a tarnishing
atmosphere as shown in the following table:

Contact Resistance (ohms)

at the following contact forces
30,

Contact Material g 100g

Silver - 5 weight percent ’
0.0083

Copper. 0.024
Silver - 5 weight percent
Copper - 5 weight percent
Lag.;S104Cr0, 0.0014 0.0009
EXAMPLE 2.

Silver - 10 weight per cent copper - 5 weight per cent
La, 781.3CrOs. .

This material, when compared with a silver - 10
weight per cent copper alloy also exhibited a marked
reduction in contact resistance after exposure to a
‘tarnishing atmosphere as shown in the following table:

Contact Resistance (ohms)
at the following contact forces.

Contact Material 30g 100g
Silver - 10 weight percent

Copper. 0.400 0.095
Silver - 10 weight percent
Copper - 5 weight percent
Lay ;S10.3Cr0O; 0.017 0.0048

It can, therefore, be seen from the above that the
electrical contact materials containing 5 weight per
cent of Lag ;Srq4CrO; exhibit more than an order of
magnitude reduction in contact resistance, at all
contact forces, compared with the basic silver/copper
alloy.

The electrical contact materials given above were
also exposed to moist air for 52 hours at a temperature
of approximately 50°C, and showed only very slight
tarnishing. The highest value of contact resistance re-
corded was 0.004 ohms. The electrical contact materi-
als were then further exposed to 100 ppm of H.S in
moist air at room temperature for a period of approxi-
mately 10 minutes and the contact resistance data that
was obtained was comparable with the data given in the
above tables.

Similar improvements in contact performance over
the basic silver/copper alloy have been observed for
electrical contact materials with a copper concentra-
tion in the range 5 to 50 weight per cent and a La,.
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6
23r,CrO; concentration in the range 2 to 20 weight per
cent.

It is to be understood that the foregoing description
of specific examples of this invention is made by way of
example only and is not to be considered as a limitation
in its scope.

What is claimed is:

1. A method of producing an electrical contact mate-
rial including the steps of providing irregular silver
powder having a powder particle size of not greater
than approximately 350 mesh; providing irregular cop-
per powder having a powder particle size of not greater
than approximately 350 mesh; providing lanthanum
strontium chromite powder of formula La, ,St,CrO,,
where the values lie between 0 and 1.0, and having a
powder particle size of not greater than approximately
10 microns; mixing the powders together to provide a
fine, evenly dispersed mixture containing 5 to 50
weight per cent of copper, 2 to 20 weight per cent of
La,..Sr.CrOj; and the remainder silver; compacting the
powder mixture into a desired shape; and sintering the
compacted shape.

2. A method as claimed in claim 1 wherein the provi-
sion of the La,.,Sr,CrO; powder includes the steps of
mixing La, Sr and Cr nitrates in stoichiometric propor-
tions; spray decomposing the mixed nitrate solution to
provide a mixed oxide powder; sintering the oxide pow-
der in air; milling the sintered powder under acetone;
and washing the milled powder in dilute hydrochloric
acid.

3. A method as claimed in claim 1 wherein the lan-
thanum, strontium chromite is of formula La,;Srgs.
CrO;.

4. A method as claimed in claim 2 wherein the lan-
thanum, strontium chromite is of formula Lag;Sros
CrO;.

5. A method as claimed in claim 4 wherein the sinter-
ing of the mixed oxide powder is effected for approxi-
mately % hour at a temperature of approximately
1.250°C.

6. A method as claimed in claim 4 wherein the mill-
ing of the sintered powder is effected for 96 hours.

7. A method as claimed in claim 3 wherein the sinter-
ing of the powder compact is effected in an atmosphere
of 3% hydrogen/97% nitrogen gas mixture at a temper-
ature of 750°C for a period of approximately 1 hour.

8. A method as claimed in claim 1 wherein the com-
pacting of the powder is effected at a pressure of ap-
proximately 20 tons per square inch.

9. A method as claimed in claim 1 wherein the pow-
der mixing is effected by dry tumble milling.

10. A method as claimed in claim 1 which includes
the step of coining the sintered compacts to increase
the density thereof.

11. A method as claimed in claim 10 wherein the
coining is effected at a pressure of approximately 50

tons per square inch.
* ok ok k%



